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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 


INVESTIGATION TO DETERMINE EFFECTS OF CENTER-OF-GRAVTTY 
LOCATION ON THE TRANSONIC FLUTTER CHARACTERISTICS 
OF A 45° SWEfTBACK WING 
By George W. Jones, Jr., and John R. Unangst 


SUMMARY 


An experimental investigation has teen conducted in the 26-inch 
Langley transonic blowdown tunnel to determine effects of center-of- 
gravlty location on the transonic flutter characteristics of a 45° 
sweptback-wing plan form of aspect ratio 4.0 and taper ratio 0.6. Solid- 
construction models of the plan form with streamwise NACA 65A004 airfoil 
sections and center-of-gravity locations at approximately 54 percent 
chord, 46 percent chord, and 58 percent chord, respectively, were fluttered 
at several Mach numbers between 0.8 and 1.55* 

It was found that, for streamwise Mach numbers from 0.8 to 1.0, the 
variation with Mach number of the ratio of experimental flutter speed to 
a calculated incompressible flutter speed was not affected by center-of- 
gravity location. However, for Mach numbers from 1.0 to 1.55, there was 
an increase in flutter- speed ratio with Mach number which was different 
for each center-of-gravity position. Data from wings with successively 
more forward center-of-gravity locations showed successively larger 
values of flutter-speed ratio at Mach numbers from 1.0 to 1.55 • 


INTRODUCTION 


As a result of several investigations in the 26 -inch Langley tran- 
sonic blowdown tunnel (refs. 1 , 2 , 5 ), extensive data have been obtained 
which give effects of plan form and Mach number on the flutter speed of 
swept wings in the transonic speed range. These data have been presented 
as the variation with plan form and Mach number of a ratio of the exper- 
imental flutter speed to a calculated, or reference, flutter speed based 
on two-dimensional, incompressible aerodynamic coefficients. 
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The question arose as to whether the flutter-speed ratios obtained 
in the previous investigations were functions only of Mach number and 
plan form or whether the ratios could he affected by changes in some of 
the elastic and inertia parameters which are present in the calculation 
of the reference flutter speed. A study of reference 4 suggested that, 
for the case of a given plan form having low values of the ratio of fun- 
damental bending to torsion frequency, the parameter most likely to affect 
the variation of the flutter-speed ratio with Mach number was the chord- 
wise location of the center of gravity. An investigation was made, there- 
fore, in the 26-inch Langley transonic blowdown tunnel to determine the 
effect of the chordwise center-of-gravity location on the variation of 
the flutter- speed ratio with Mach number. 

The plan form used in the investigation had an aspect ratio of 4, 
sweepback angle of the quarter-chord line of 45°, and a taper ratio 
of 0.6; and the centers of gravity were located at 34 and ^8 percent 
chord. Results from references 2 and 3 were also available for the same 
plan form with the center of gravity located at 46 percent chord. 

The trends shown by the results of this investigation have been 
previously discussed and analyzed in reference 5 • The flutter-speed 
ratio at supersonic Mach numbers was shown to be a function of the chord- 
wise center-of-gravity location and a method of analysis was developed 
therein which credibly explained the effect of the chordwise center-of- 
gravity location on the flutter-speed ratio. 

The purpose of the present report is to present certain details of 
the center-of-gravity investigation which were not included in reference 
namely the physical properties of the models used, the values of the 
test parameters at flutter, and the results of the flutter calculations. 
For completeness of the present report some of the information from ref- 
erence 5 is repeated herein. 

SYMBOLS 


A aspect ratio including body intercept, — 

Area 

a distance in wing semichords from midchord to elastic-axis 

position; taken perpendicular to quarter- chord line, 
positive rearward, 2x Q - 1 

A g geometric aspect ratio, (Exposed span) _ 

. Exposed area 

b half-chord perpendicular to quarter-chord line, ft 
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^>s 


fhi 


ft 


El 

GJ 

8h 

l 

M 

m 

q. 


v 


half -chord perpendicular to quarter-chord line at intersection 
of quarter-chord line and wing root, ft 

half -chord measured streamwise at intersection of wing root 
and fuselage, ft 

wing chord perpendicular to quarter-chord line, ft 
measured coupled lending frequencies, cps (i = 1 or 2) 

measured first coupled torsion frequency, cps 


uncoupled first torsion natural frequency relative to elastic 


axis, cps 



bending stiffness, lb/in^ 
torsion stiffness, lb/in^ 
structural damping coefficient in bending 


mass moment of inertia of wing section about elastic axis, 
slug-ft 2 /ft 

length of wing panels outside fuselage, measured along 
quarter- chord line, ft 

Mach number 

mass of wing per unit length along quarter-chord line, slugs / ft 

dynamic pressure, lb/sq. ft 

nondimensional radius of gyration of wing section about elastic 
axis, (l^/ml 2 ) ^ 

air stream velocity, ft/sec 
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v e /v R 

x Q 


x cg 


X. 


a 


T 

P 

A 

A 

P 

co 


component of stream velocity normal to quarter -chord line, ft/sec 

flutter-speed ratio, ratio of experimental flutter speed to a 
calculated reference flutter speed 

distance, perpendicular to quarter-chord line, of elastic axis 
of wing section behind leading edge, fraction of chord 

center-of-gravity location, fraction of chord behind leading 
edge, measured perpendicular to quarter-chord line 

distance in semi chords (measured perpendicular to quarter- chord 
line) from wing elastic axis to wing center of gravity, posi- 
tive when center of gravity is behind the elastic axis 

nondimensional coordinate along quarter-chord line, fraction of 
length l 

mass-ratio parameter, m/itpb^ (values given in table II taken 
at 0.75n) 

taper ratio. Tip chord/Chord in plane of symmetry 
angle of sweepback of quarter-chord line, deg 
air density, slugs/cu ft 

angular frequency of vibration, radians/ sec 
angular bending frequency, radians/sec (2jtfhj_) 




angular uncoupled torsion frequency, radians/sec (2jtf a ) 


Subscripts: 

e experimental values 

R calculated values 


MODELS 

Model Geometry 


The plan form selected for these tests had an aspect ratio of k, 
a quarter-chord sweepback angle of ^5°, ana a taper ratio of 0.6. Models 
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of the plan form had MCA 65A004 airfoil sections along streamvd.se chords, 
a wing span of 1.142 feet, and the ratio of sting diameter to wing span 
was 0.22. 

Two types of models of this plan form were constructed. One type 
had the center of gravity located at approximately 54 percent chord 
while the other type had the center of gravity located at approximately 
58 percent chord (measurements perpendicular to the quarter-chord line) . 
The models of reference 3, for which data are presented herein for com- 
parison (see table 1(b)), had a center- of- gravity location at approxi- 
mately 46 percent chord. The center-of-gravity locations measured in 
percent of streamwise chord were 37 percent, 49 percent, and 6l percent. 
Because of their destruction by flutter, several models of each type 
were necessary in order to obtain the desired data. 


Model Materials and Construction 

Figure 1 gives a plan-form view of the three types of models cut 
away to show the construction details. The models with a center of 
gravity at 34 percent chord were made with a Compreg (laminated, com- 
pressed, resin-impregnated maple) core. These models had a lead-bismuth- 
tin mixture leading edge (50 percent lead, 25 percent bismuth, 25 percent 
tin by weight) and an outer wrapping of a 0.003-inch-thick Fiberglas 
cloth. The models with a center-of-gravity position at 58 percent chord 
were also made with a Compreg core and had a lead-bismuth-tin mixture 
trailing edge and a Fiberglas wrap. The Fiberglas wrap for the. models 
with 58-percent center-of-gravity location was of three layers; two 
layers were unilateral Fiberglas cloth (majority of strength in one 
direction similar to wood grain) with strength directions forming 45° 
diagonals across the quarter-chord line and the third layer was an outer 
wrap of 0.003-inch Fiberglas cloth. The lead-bismuth-tin mixture used 
for leading or trailing edges, was cut perpendicular to the quarter- 
chord line at l/2-inch spanwise intervals to minimize the effect on wing 
stiffness. The models of reference 3 which had the same plan form as 
the models of this report but a location of the center of gravity at 
46 percent chord were of solid Compreg wrapped with two layers of 0.003- 
inch Fiberglas cloth, except for one model of plain Compreg with no wrap. 
On all models the layers of Fiberglas cloth were bonded to each other 
and to the core with Paraplex cement . The Fiberglas wrapping extended 
into the wing mounting block at the root for approximately 1/4 inch. 

The 3/8-inch- thick wing mounting block was an integral part of the wing 
core of Compreg wood: (see fig. l) and- fitted flush in a Slot In the 
sting mount. • ' " ■ ■ • 
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Model Physical Parameters 

Measurements were made of the following physical parameters on each 
wing panel of every model tested: (l) elastic-axis position, (2) first 

and second bending and first torsion coupled natural frequencies, and 
(3) structural damping coefficient in bending. Measurements were made 
of the following parameters on at least one wing panel of each type of 
model constructed: spanwise variation of mass, center -of- gravity loca- 

tion, and mass moment of inertia about the elastic axis (see table I). 
Measurements made of the spanwise variation of bending and torsion stiff- 
ness El and GJ for a representative panel of each type of model are 
presented in figure 2. A discussion of the methods used to measure the 
various physical properties may be found in references 2, 3, and 6. 


APPARATUS AM) TESTS 


The tests were made in the 26-inch Langley transonic blowdown 
tunnel. A desirable flutter -test feature of this tunnel is that during 
its operation a selected Mach number which is controlled by an orifice 
plate can be held approximately constant (after the orifice is choked) 
while test section stagnation pressure (and thus density) is varied. 

The tunnel can be operated through the subsonic Mach numbers and up to 
a supersonic Mach number of approximately 1.^5 and the tunnel density 
range is from approximately 0.001 to 0.012 slug per cubic foot. A 
more complete description of the tunnel may be found in reference 3 • 

The flutter -model wings were mounted at 0° angle of attack on a 
cylindrical sting fuselage. This sting extends into the subsonic flow 
region of the tunnel and thereby eliminates the formation of a bow shock 
wave which might reflect from the tunnel walls onto the model. The fun- 
damental frequency of the support system is approximately 15 cycles per 
second. 

Both wing panels of each model were instrumented with wire strain 
gages. A recording oscillograph was used to give a simultaneous record 
of the strain-gage signals, tunnel stagnation temperature and pressure, 
and test-section static pressure. The strain-gage signals were used to 
indicate the start of flutter and the frequency of wing oscillations. 

The tests were conducted in such a manner that the flutter speed 
and flutter frequency were determined on each model for several Mach 
numbers throughout the transonic range from about M = 0.8 to about 
M =s l.k. A more detailed discussion of the testing technique as well 
as the model support system and, the instrumentation may be found in 
reference 3* 
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RESULTS 

Method of Analysis 


The refeults of the present tests are presented as the variation 
with Mach number of a ratio of the experimental flutter speed to a cal- 
culated, or reference, flutter speed. The reference flutter speeds 
for these test results were calculated (as in ref. 3) "by use of two- 
dimensional, incompressible air forces combined with cantilever beam 
deflection modes in a Rayleigh- type analysis. In the analysis, the mode 
shape of the wings during flutter was represented by the nondimensional 
shapes of the first two uncoupled bending modes and the first uncoupled 
torsion mode of a uniform cantilever beam. The frequencies used in the 
analysis were the measured values of the first two bending natural fre- 
quencies (these values were assumed to appro xima te the uncoupled values) 
and the uncoupled value of the first torsion frequency (which was obtained 
from the measured coupled value by the approximate formula given in the 
list of symbols herein) . 


General Comments 

Certain general comments made in the section entitled "Results" 
of reference 3 concerning the nature of flutter encountered and the 
effects of testing technique apply to the present tests, and may be 
summarized briefly by the following statements; 

(1) The flutter observed in the tests was of the classical bending- 
torsion type . 

(2) The amplitude of wing oscillations following the start of flutter 
did not continually increase with time but increased rapidly to some 
nearly constant value. 

(3) An easily defined start of flutter was not always obtained. 

Often, a period of intermittent sinusoidal-type oscillations in both 
bending and torsion (designated a low-damping region) preceded contin- 
uous flutter. In such cases, the exact start of flutter was difficult 
to pick on the oscillograph record. These cases are treated in the same 
manner as similar cases in reference 3. Briefly, this involves selecting 
two data points for those cases in which the exact start of flutter could 
not be determined. The first point is taken near the beginning of the 
intermittent sinusoidal-type oscillations and is designated as the start 
of a low-damping period. The second point is taken near the beginning 

of continuous flutter and is designated as a point of flutter. 
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(4) In some cases, the two panels of the same model did not flutter 
simultaneously; probably because of slight differences in physical prop- 
erties between wing panels. In such cases ^ separate flutter points are 
presented for the start of flutter for each panel. 

( 5 ) The operating characteristics of the tunnel were such that 
frequently during a single run (a run is defined as one operation of 
the tunnel from valve opening to valve closing) the tunnel- operating 
curve of dynamic pressure as a function of Mach number intersected the 
wing flutter-boundary curve of dynamic pressure required for flutter 
against Mach number at more than one point. In such cases, each point 
of intersection is presented in the data. 


Presentation of Data 

The results of the investigation are tabulated in table II as are 
some data of reference 3 (table 11(b)). The first five columns of the 
table contain a brief description of the chronological behavior of each 
wing panel during each run. The first column gives the identification 
number of the model. A model designation of reference 2 in this column 
indicates that the data for the run were taken from reference 2 in which 
no record was kept of the numbers of individual, similarly constructed 
models of the same plan form. The second column gives the run number, 
and the third column shows in chronological order the data points which 
occurred during each run. The fourth and fifth columns contain code 
letters which describe the behavior of each wing panel at the time of 
each data point. The code letters and their designations are as follows: 

F flutter 

D low damping 

E end of flutter with dynamic pressure increasing 

N no flutter 

G strain gages inoperative, no record 

X panel destroyed or not installed 

Subscripts 1 or 2 attached to these letters indicate the phenomena are 
related to the first or second occurrence of flutter on the panel during 
the given run. For example, a series of data points obtained during a 
given run might be coded as follows: 
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Run 

Point 

Wing behavior 

Left 

Right 

3 

1 

*1 

*1 


2 

Ei 

Ei 


3 

d 2 

d 2 


4 

- F 2 

d 2 


5 

F 2 

F 2 


In this example, five data points were obtained during run 3* At the 
time of point 1, both panels began to flutter and continued to flutter 
until point 2 when both panels stopped fluttering although the tunnel 
dynamic pressure was increasing. Then, near the time of point 3 "both 
panels began sinusoidal-type oscillations, designated as low damping, 
prior to a second occurrence of flutter which became continuous on the 
left panel near the time of point 4. The right panel continued to 
exhibit low-damping behavior until point 5 when it too began a contin- 
uous flutter for the second time during run 3 • 

Figures 3 through 6 present the results of the investigation in the 
form of plots of the ratio of experimental to reference flutter speed 
Ve/VR as a function of Mach number. Figures 3, 4, and 5 each present 

the flutter-speed ratios obtained at various transonic Mach numbers on 
models having one of the three center-of-gravity positions investigated 
(fig. 4 is data from ref. 3) • In these figures, the low-damping periods 
are indicated by dashed lines beginning at the point selected at the 
start of the low-damping period and extending to the point of continuous 
flutter. The data point near the beginning of a low-damping period is 
denoted by the lower end of the dashed line whereas the data point near 
the beginning of continuous flutter is marked by a symbol. The path of 
the dashed lines is a function of tunnel operating conditions as the 
flutter point was approached. The points at the start of flutter are 
indicated by plain symbols and points at the end of flutter are indicated 
by shaded symbols. Figure 6 is a plot which superimposes the three 
faired flutter boundaries of figures 3, 4, and 5- 
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DISCUSSION 


As may be observed in figure 6 , the flutter-speed ratios for the 
three center-of-gravity positions merged in the high subsonic range 
(0.8 ^ Mg ^ 1.0) with values near 1.0. Thus, in the high subsonic r ang e, 

the reference flutter speed accurately predicts the experimental flutter 
speed. In the low supersonic range (l.O ^ Mg ^ 1.35), there is a rapid 

increase in' V e /VR as the Mach number increases, but the rate of increase 
is different for the various center-of-gravity positions so that each 
configuration has a separate flutter . boundary . Examination of figure 6 
shows that the rate of increase of Vg/Vp with Mach n umb er becomes larger 
as the center of gravity moves forward. Thus, for the test plan form in 
the supersonic speed range investigated, the flutter-speed ratio is not 
a function of plan form and Mach number alone but also appears to be a 
function of center-of-gravity position. 

Some doubt may be expressed that the difference in the V e /Vp 
curves in figure 6 should be attributed to chordwise changes in center- 
of-gravity location because, as previously stated, models of the present 
investigation which had different center-of-gravity locations also had 
different values of the elastic and inertia parameters o^/o^, r a , m, 

and a. It can not be proved from the available data that the differences 
in the V 6 /Vr curves were not affected by the changes in these other 
parameters. However, on the basis of the analysis in reference 5 which 
uses trends and conclusions drawn in reference 4, the chordwise center- 
of-gravity location would appear to be the major factor in accounting 
for the present differences in the supersonic values of the flutter- 
speed ratios. 

The flutter data as presented in figure 6 c ann ot indicate directly 
the relative flutter susceptibility of a given wing design as the center 
of gravity is moved, since both V e and V R would be expected to c hang e - 

However, it can be shown with the aid of a comparison of the sharp 
upsweep of the curve of V s /Vr for the 34 percent chord center-of-gravity 
location with the more gentle upsweep of the curves for the 46- and 58 - 
percent-chord locations that it may be possible to reduce the severity 
of the flutter problem at supersonic speeds by a suitable forward loca- 
tion of the center of gravity. 

In the subsonic speed range the curves of V e /V R in figure 6 are 

the same for all center-of-gravity locations tested and thus do not reveal 
the fact that the actual flutter speeds vary with the center-of-gravity 
location. Nor can the effects of center-of-gravity location on the 
flutter speed be obtained by directly comparing the experimental flutter 
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speeds "because the models constructed with different center-of -gravity- 
locations had necessary differences in mass and stiffness parameters 
which affect the flutter speed. However, an examination of the nondimen- 
sional flutter-speed coefficient VR/h^ given in table II shows that, 

for equal v alu es of mass ratio, the flutter-speed coefficients at sub- 
sonic speeds had approximately a 25 -percent increase as the center of 
gravity shifted from O .58 chord to 0.46 chord and an additional increase 
of approximately 75 percent as the center of gravity shifted from 

0.46 chord to 0.54 chord. These increases in VR/b^o^, which were based 
on three-dimensional calculations to the extent that spanwise variations 
of mass, geometry, and airfoil vibration mode shape were taken into 
account, are similar to those shown by the calculations of reference 4 
for a two- dim ensional wing. 


CONCLUSIONS 


The conclusions drawn from an experimental investigation of effects 
of center-of-gravity location on the transonic flutter characteristics 
of a 45° sweptback wing follow: 

1. For streamwise Mach numbers from 1.0 to 1.55, the flutter-speed 
ratio was affected by center-of-gravity changes. In this Mach number 
range, there was an increase in flutter-speed ratio (ratio of experi- 
mental to calculated flutter speeds) with Mach number which was differ- 
ent for each center-of-gravity position. The rate of this increase in 
flutter-speed ratio became larger as the center of gravity moved forward. 

2. For streamwise Mach numbers from 0.8 to 1.0, presenting the 
results as a flutter-speed ratio removed the effect of center-of-gravity 
position since the flutter-speed ratio was approximately 1.0 in this 
range for all center-of-gravity positions tested. 
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3. The calculated flutter-speed coefficients for equal values of 
mass density ratio, increased approximately 25 percent when the center 
of gravity was changed from 0.58 chord to 0.45 chord and increased 
approximately an additional 75 percent when the center of gravity was 
changed from 0.45 chord to 0.34 chord. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., October 15 , 1955* 
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TABLE I.- PHYSICAL PROPERTIES OP MODELS 
(a) "Wings rdth center of gravity at approximately 3l* percent chord 


Parameter 

Wings 1, 2, 3, 
ht and 5 

NACA section 

65A001* 

A 

h 

-A, deg 

1*5 

X 

0.6 

Panel X 

0.657 

Spta, ft 

i.H*2 


1.6? 

l> ft 

0.630 

br, ft 

0.123 

bg> ft 

0.163 

Average Xc, g4 

0.337 

8h 

0.02 Hi 


f] 

Wing No. 5 (left panel) 

x a 

a 

r 2 
x a 

m, 

slugs/ft 

0.0? 

-0.30? 

0.028 

O.U65 

0.00899 

.1? 

-.321 

.035 

.1*57 

.00869 

.2? 

-.337 

.oil 

•U5o 

.00835 

• 3? 

-.352 

.01*7 

.1*1*2 

.00793 

.1*5 

-.368 

.051* 

.1*1*1 

.00737 

• 55 

-.383 

.060 

.1*87 

.0062? 

.65 

-.398 

.067 

.5oIi 

.00568 

.7? 

-.1*11* 

.071* 

.513 

.00518 

.8? 

-.2*29 

.081 

.516 

.OOli75 

.95 

-.1*1*1* 

.007 

.515 

.001*33 



ling No. 1 

Wing No. 2 

Wing No. 3 

Wing No. 1* 

fling No. 5 

Frequency 

Left 

Panel 

Right 

panel 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

f *l 

61 

61 

61 

60 

" 60 

65 

61* 

61 

61 

61 

’% - • 

332 

322 

3i*2 

327 

322 

361 

3l*l 

322 

318 

331 

ft l 

210 

208 

226 

230 

232 

228 

227 

213 

217 

218 

fa l 

173.2 

172.1* 

187 

191 

192 

188 

168 

176 

179.3 

180 

w 8 

0.121*0 

0.1252 

0.1062 

0.0995 

0.0977 

0.1172 

0.1163 

0.1200 

0.1150 

0.111*6 


3.671*3 

3.1*885 

3.31*81* 

2.9b65 

2.8126 

3.6716 

3.3005 

3.3663 

3.H*55 

3.371*0 


I 
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TABLE I.- Continued 


(b) Wings with center of gravity at appro xima tely 1*6 percent chord 


Parameter 

Wing of 
Ref. 2 

Winga 1 and 2 

HACA section 

65AOCU 

A 

It 

A, dag 

It? 

Panel X 

0.657 

Span, ft 

l.lh2 

Ag 

1.65 

I, ft 

0.630 

6ri ft 

0.123 

b 8) ft 

0.163 

Average 

0.1*55 

6h 

0.030 


Wing of Ref. 2 


m, 

slugs/ft 


0.00561 

.00527 

.Od*93 

.001*58 

.00i*2i* 

.0038? 

.00355 

.00321 

.00286 

.00252 


no. 1 


r a ^ alugs/ft 


0.037 -0.117 0.233 0.00733 

.030 -.110 .23U .0061*8 

.023 -.102 .235 . 00576 

.016 -.095 .236 .00516 

.009 -.088 .237 ,00i(72 

.002 -.082 . 236 .001*35 

-.005 -_r>7l. _?^Q _nn)in7 

■ - *v 1 •» »v w»+v * 

-.067 .21*0 .00382 

-.060 .21*1 .00361 

-.053 .21*2 .003 2*3 



Wing of Ref. 2 

Wing No. 1 

Ting No. 2 

Frequency 

Both panels 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

f *l 

88 

67 

6U 

78 

73 

CM 

I|62 

357 

367 

399 

387 

ft l 

370 

356 

3h2 

389 

378 

fflt l 

361 

356 

3X2 

38 9 

378 

s/v 

0.059U 

0.0351* 

0.0350 

0.01*02 

0.0373 


1.630 

I.006 

1.151 

1.053 

1.01*9 
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TABLE I.- CONCLUDED 

(c) Wings with center of gravity at approximately 58 percent chord 


Parameter 

Wings 1, 2, 3, 
n, and 5 

NACA section 

65A001+ 

A 

k 

A» 

1+5 

X 

o A 

Panel X 

0.65? 

Span, ft 

1,1142 


1.65 

l, ft 

0.630 

b r , ft 

0.123 

b B , ft 

0.163 

Average x cg 

0.5795 

Sh 

0.0327 


U 

fling No. 3 (right panel) 

x a 

a 

r 2 

r a 

m, 

alugs/ft 

o.o5 

0.061 

0.099 

0.226 

o.rvn76 

.15 

.071+ 

.086 

.21+1 

.01161 

.25 

.086 

.071+ 

.252 

.01093 


.098 

.062 

.259 

.oiol+o 

.L5 

.111 

.01+9 

.260 

.00951 


.123 

.036 

.255 

. C0618 

.65 

.135 

.021+ 

.258 

.00732 

• 75 

.11+8 

.011 

.273 

.00660 

.85 

.160 

-.001 

. .281+ 

.00598 

.95 

.173 

-.013 



.389 

.QC51+0 



Wing No. 1 

Wing No. 2 



Uing No. 3 

Wing No. 1+ 

Wing No. 5 

frequency 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

Left 

panel 

Right 

panel 

f *l 

i+b 

51 

50 

?0 

1+9 

51 

52 

51 

52 

51 

f h2 

2l+5 

255 

22+7 

2l+7 

230 

235 

238 

236 

226 

230 

f tT 

382 

382 

385 

385 

380 

383 

• 391 

386 

363 

360 

f °l 

371.6 

371.6 

3714.6 

37U.6 

370 

373 

380 

376 

353 

350 

(<%i/“ai ) 2 

0.01668 

0.01883 

CU01781 

0.01781 

0.01761+ 

0.01888 

0.01833 

O.OI808 

0.02129 

0.02101+ 

(“h 2 /“ ai ) 2 

0.1+31+7 

0.U709 

0-3li37 

0. 31+37 

0.3870 

0.3878 

0.3911+ 

0.391+9 

0.1+0965 

0.1+313 
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TABLE n.- OCTTIimCS OT AKAUnOL JUD UPEUKDOAl PJOOLT3 


H 

ON 


Wlni pmcml b^criar oocUi f - flutter 

■ - no CLottwc 


- e»d of G*t*«r (rtyraalc pr ti i w liicr**iiuf) 


■ - no flttttwc 0 “ *tr*ln mu noi mrkliif 

D - low cUnptfif I - wim$ (tootroyW cr uoX 

S*»«rlpUi 1 - umqUW with flr/rt ocoorrsac* 2 - woci«t«d with Momd — mivmm e 

of CLottwr cbwd«K tb« re of dwrlDf tU ran 


(*) Ha** With chU r of grmrlty nt «pj»-axij»Ul7 A 


percent chord 


** TTlng B*h*vicr p, 

U ft I Ujirt. ** »lWoii A **• 


Uui>t/M< 


5 s .11 i.a 

89.80 9.U 
WXB 9.70 
9 b. C* 9 . TO 

65.90 9.27 

k.so 9 .n 

82.J2 9.07 
82*32 9.07 
79.02 8.89 
82.32 9.07 
89.80 9.16 
89.85 9*2)6 

89.90 9.27 
89.30 9.27 
82.32 9.07 
79.98 8.71 


79.07 6.89 
79.ce 8.89 
83.90 6.63 
82.32 9.07 
7 5-9# 8.71 
89.39 7.03 


7.P 
69 . 8 J 6.12 
73-17 8.J5 

79.02 8.89 
85.90 9.27 
89.80 991/ 
89.80 9JZ 
85.90 9.27 
82.31 9.07 


JVwo 

W. 

VV, 

1 . , 

iVa* 

772.6 

6,666 

5.80 

1333 

917.7 

7 . 1 x 8 

6.09 

SS9 

930.9 

7.729 

7.01 

1103 J 

fiK.i 

* n6.Q 

? rtf 

•ifl-T. ^ 

901.0 

7.136 

6.n 

1039.1 

9d.fl 

8. 313 

6.77 

UOfJ.fi 

087 a 

W7.1 

7.159 

7.33a 

6.66 

6.66 

1091.7 

llfa.T 

872,5 

7 . 1 * 

6.55 

1102.5 

887 a 

7.100 

6.66 

1073.7 

1005.3 

6.962 

6.00 

nai .5 

3«8.J 

7.966 

6.00 

1291.9 

5*7-3 

6. do 

6.77 

nil. 3 

S*T-3 

7.831) 

6.77 

1500.5 

979 

6.190 

6.66 

993.5 

SMa 

7.578 

6J)5 

1613 

eoia 

7.*6 

5J.5 

2660.7 

773.2 

7.823 

5J6 

2909.5 

971*9 

6.931) 

6.55 

1323.3 

971.9 

IS* 6 



1553.5 

3015.7 

9*8.3 

6.831 

6.46 

1232.9 

SI- 1 


6 Jfi 

1602.9 

006.7 

r33 

»Ji5 

2702.5 

931.7 

7.0*9 

6.66 

II 67.8 

091.2 

823.0 

7,96k 

7.993 

& 

1686.5 

20760* 

805.4 

7.913 

S.7Ji 

2115.6 

63.7 

891.2 

60$? 

6.632 

6.09 

6.J5 

1157 Ji' 
116?-) 

919.2 

6.yo 

6.55 

11M.6 

950.1 

6.925 

6.77 

K«a 

956.0 

7015 

6.m 

no5.5 

956 

e.toj 

6.X 

isool 

9u0.7 

6.014 

6.77 

1031.5 

9254 

7.989 

6M 

U)78.6 


Bm - 1 rwn i» d afl aad u an* opsrwtiac of tho blowdown 
tmmkl frt* min* ope ni ng to nlr* dc*l*|. 

Paint - Qamolofloal ord*r in iriri.ai* rwcarttod pcdnto 
•oowrrod d*da* tost run. 





UBU IX.- CwtliMd 


iinp Kith MOW ol-irmltj' pMttlcn »t KpsiniKi^MlT kfi-parcot 


rtdUW*w 


i).7I 6.61 

hi. n 6.si 
b7.« 6.96 
W.* 6.73 

12.21 a.50 

36.01 6.00 

i-i? tl6 

59.73 7.73 
36.05 6.07 

51.23 7.16 
38.9? 64V 
W.T7 7.05 
V7.ofl 6.56 

hj. 72 6.61 



*R 

ndlW«c 


1201.5 

1200.9 

.5160 

1170.3 

.5160 

11T0.3 


1155.5 

1163 

.5192 

1177.5 

.5322 

1207 

.5569 

1263 

.55fc3 

.WTO 

1279.8 

nai.5 

*5302 

12£S«4 


0.671 9054 

.672 795.6 

.650 K 6.0 

— 950.7 

.661 967.7 

.to h 669.9 

— 1196.7 

, 1.313 1267.8 


l.cn.3 inii 

1.261 1256 


.ej* 773 

.700 7a 


5. Si tJ£ 
ju.76 ^.72 
80.93 9.00 
HJ,9 9,26 
T6jS7 8.76 
6 $M t.X, 

60.70 7.77 
Tt.% 8-53 
37.37 6.17 
*.* 4.17 


bi.16 6.66 

U i% 

37.33 6.11 

58,27 7.63 
37.37 6.27 

g£ £2 

72.8V 8.53 


.97$ 9*6 

t -mk; im i 

971 

— 1£« 

.990 906 

— 1073 

.969 89C 

— 1163 

— 1217 
1435 1233 

.997 979 

— lit? 
1.J22 1271 

— 12C* 
1*130 1173 

— 1192 
1 J 6 V 1 166 

•8V3 997 

— 116* 
1.337 1253.1 

.806 939.8 


52.03 7 JO- 
60.70 7.79 
63.3H 7.96 

56.03 749 

5 *.o 3 7.41 


.665 912.6 

492 961.3 

— 1116a 

. r. JSHSri 
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.Figure 2.- Typical apanvise stiffness measurements on three models, each 
having a different center-of -gravity location. 
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O Flutter 

O Flutter preceded by low damping 

• End of flutter with dynamic pressure increasing 
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Variation of flutter-speed ratio with Mach number for models 
ter-of -gravity locations at approximately k6 percent chord, 
om ref. 5- ) 
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_ O Flutter 
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Canter of gravity at 46 percent chord 

Center of gravity at 34 percent chord 

Center of gravity at 58 percent chord 


Figure 6.- Effect of center-of -gravity location on the variation of the 
flutter-speed ratio with Mach number. 






